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ABSTRACT

The mechanisms by which sea turtles are attracted to and become hooked and
entangled in commercial fishing gear are not well understood. Identification of sensory
attractants and repellants may prove useful in developing gear and bait modifications to
reduce sea turtle bycatch in commercial fisheries. We conducted experiments to investigate
the ability of loggerhead turtles (Caretta caretta, Linnaeus 1758) to use chemical and flow
cues to successfully locate squid bait and also tested to see if chemical modification of squid
bait would reduce the turtles’ ability and/or willingness to track and locate bait. Captive-
reared juvenile loggerhead turtles were placed in a seawater-filled flume tank with a current
of 3-5 cm-sec™. A nylon bag containing either nylon (control), squid, or squid that had been
marinated in 2-phenylethanol or shark-derived compounds was placed in the current upstream
from the turtle. Trials were conducted in darkness, and the behavior of turtles was monitored
and recorded using an IR-sensitive video surveillance system. The presence of squid bait in
the tank elicited feeding and searching behavior; however, turtles showed limited ability to
locate squid bait in the absence of visual cues. Only 25-33% of turtles located and ate the
squid bait during the 10-minute trial period. These results indicate that visual cues are
important for foraging success in loggerhead turtles, and chemoreception likely plays a
secondary role. Treatment of squid with 2-phenylethanol or shark-derived compounds did not
prevent turtles from eating squid bait. There was no significant difference in the number of
turtles that located and ate bait between control, squid, and chemically modified squid trials.
An effective chemical deterrent for sea turtles has yet to be identified.
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INTRODUCTION

The incidental capture of sea turtles in commercial longline fishing gear is an issue of
growing concern for fishers, fisheries management agencies, and environmental groups.
Bycatch of sea turtles in longline gear designed to capture pelagic fish species is a source of
mortality for endangered leatherback turtles (Dermochelys coriacea, Vandelli 1761),
loggerhead turtles (Caretta caretta, Linnaeus 1758), green turtles (Chelonia mydas), and olive
ridley turtles (Lepidochelys olivacea, Eschscholtz 1829) in the North Pacific Ocean (Balazs
and Pooley, 1994). To help speed the recovery of sea turtle populations, the National Marine
Fisheries Service (NMFS; NOAA Fisheries) has enacted numerous mitigation measures to
reduce or prevent the incidental capture of sea turtles by U.S. longline fleets in all oceans
(www.nmfs.noaa.gov/pr/PR3/regulations.html). Regulations currently required in all U.S.
longline fishing operations, such as use of large circle hooks and fish bait, may not be viable
options in all foreign fisheries, which account for a much larger fishing effort than the U.S.
longline fleets (Lewison et al., 2004.) Accordingly, alternative methods to minimize or
prevent sea turtle bycatch in longline gear are being investigated.

Sea turtles and pelagic fishes are evolutionarily distinct groups of animals with
differences in sensory biology that may influence the ways in which they interact with fishing
gear. The factors that attract sea turtles and target fish species to longline gear and bait are
not well understood, but numerous sensory cues may be involved. In 2000, a
multidisciplinary interagency collaborative effort was initiated by NOAA Fisheries scientists
to investigate the visual, auditory, and chemosensory abilities of sea turtles and pelagic fishes
to identify differences in sensory abilities that may be exploited to develop gear and bait
attractive to fish but undetectable or unattractive to sea turtles. This paper presents results
from a series of studies designed and conducted to assess the chemosensory abilities of
loggerhead turtles and explores the feasibility of using chemical deterrents to prevent sea
turtles from interacting with longline fishing gear.

The term “chemoreception” refers to an organism’s ability to detect and differentiate
chemical cues in its environment by taste (gustation) or smell (olfaction). Chemical cues may
be used for prey detection and location (Zimmer and Butman, 2000), orientation during long
distance migrations (Atema et al., 2002; Doving and Stabell, 2003), or intraspecific
communication related to reproduction and predator avoidance (Weldon, 1990; Hara, 1993;
Wisenden, 2003 and references therein). The role of chemoreception in the ecology of marine
invertebrates and fishes has been well-studied, but relatively little information is available on
the ecological importance of chemoreception for marine reptiles.

We were primarily interested in determining the role of chemoreception in the
foraging and avoidance behaviors of loggerhead turtles. Although sea turtles are generally
considered to be visual predators, other sensory cues (tactile, flow, chemical) may also



behavior, wherein turtles searched the tank floor for the source of food odors, rather than a
rheotactic response in which turtles searched “upstream”. Backup behavior is an artifact of
captive rearing; the tank floor is the most likely place loggerhead turtles will encounter food
in their holding tanks. This obviously is not true for wild loggerhead turtles in the open
ocean. Further experiments with turtles acclimatized to feeding under more natural flow
conditions may help clarify the role of flow cues in feeding behavior. In addition to chemical
and flow cues, tactile cues may also play a role in bait striking behavior of loggerhead turtles.
Five of the nine turtles in the TIGER treatment group bit the nylon bait bag even when there
was no squid inside (Fig. 2).

Although chemical cues elicit feeding behavior in loggerhead, green, and leatherback
turtles (Grassman and Owens, 1982; Owens et al., 1982; Steele et al., 1989; Constantino and
Salmon, 2003), most experimental evidence suggests that visual cues are of primary
importance in foraging success. Constantino and Salmon (2003) found that when visual and
chemical cues associated with jellyfish, a primary prey of leatherback turtles, were
simultaneously presented to leatherback post-hatchlings, the turtles ignored the current
created by chemical delivery and oriented towards the visual stimuli instead. When tested
separately, visual stimuli evoked a more robust feeding response than chemical stimuli
(Constantino and Salmon, 2003). Our experiments support the idea that sea turtles are
primarily visual predators, as juvenile loggerhead turtles showed a low success rate locating
food in the absence of visual cues (Fig. 2). For this reason, it seems likely that use of a visual
deterrent, rather than a chemical deterrent, would be a more effective means of preventing sea
turtle interactions with longline gear. Researchers with the NOAA Sensory Biology Working
Group are currently investigating visual capabilities of sea turtles and pelagic fishes in an
attempt to identify visual attractants and repellents (Fritsches et al., 2005; Wang et al., 2005).
Even if an effective visual deterrent is identified and implemented in longline fisheries,
however, bait chemicals in the vicinity of fishing operations may alert turtles to the presence
of food and induce a heightened awareness of prey leading to alteration of searching behavior.
The effectiveness of a visual deterrent will depend largely on whether or not the turtle’s
aversion response overrides the heightened feeding response, which is fueled in part by
chemical cues. Studies investigating the efficacy of various methods for repelling birds show
that a combination of both visual and chemical deterrents is more effective than either on its
own (Mason and Clark, 1996).

Unfortunately, an effective chemical deterrent has yet to be identified for sea turtles.
Previous studies have shown that loggerhead turtles readily consumed squid that had been
soaked in lactic acid, urea, quinine hydrochloride, capsaicin, wasabi oil, and natural toxins
(ink from Aplysia spp.) (J.B. Swimmer, personal communication). One approach we took for
the current study was to assess the feasibility of disguising the odor of longline bait with a
novel chemical, such as 2-phenylethanol, as a means to prevent loggerhead turtles from biting
squid bait. Treatment of squid bait with 2-phenylethanol did not significantly alter the
behavior of loggerhead turtles during trials, so the odor-masking approach using this
particular chemical was ineffectual. Although wash-off in the current could have decreased
the concentration of 2-phenylethanol over the course of the 10-minute trial, it is unlikely that
this affected the results, as turtles located and bit squid bait marinated in 2-phenylethanol in
less time that it took them to locate untreated squid bait (Table 1).



We were also interested in assessing the behavior of loggerhead turtles in response to
chemical compounds derived from sharks, the main natural predators of juvenile and adult sea
turtles. Higgins et al. (2005) demonstrated that captive-reared juvenile loggerhead turtles in
nearshore holding pens show defensive behavior upon encountering a shark-shaped decoy and
subsequently avoid the section of the pen where the decoy is present, providing experimental
evidence that visual recognition plays a strong role in predator avoidance. The role of
chemical recognition in predator avoidance has not previously been investigated for sea
turtles. Terrestrial reptiles and amphibians display avoidance and defensive behavior when
presented with skin extracts and rinses from predatory snake species or when placed in
environments that have been “conditioned” by predator presence (Dial, 1990; Weldon, 1990);
however, we found no significant difference in behavior of loggerhead turtles between
untreated squid trials and trials in which squid had been treated with skin secretions from live
wild-caught tiger sharks. If association of a predator’s scent with a threat is learned rather
than innate, then this may explain why shark-derived chemicals did not alter the behavior of
captive-reared loggerhead turtles -- with no previous exposure to tiger shark scent -- during
bait-tracking trials. Behavioral responses to predator-derived chemicals may be more
pronounced in wild-caught sea turtles.

CONCLUSIONS

In conclusion, we found that although loggerhead turtles detect and respond
behaviorally to the presence of food chemicals in their aquatic environment, they have limited
success in tracking and locating a food source using only chemical and flow cues. Visual
cues are likely of primary importance to foraging success in loggerheads, with the chemical
senses playing a secondary role. Further research is necessary to identify sensory deterrents
and evaluate the feasibility of using sensory deterrents to reduce or prevent sea turtle bycatch
in longline fisheries.
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Table 1.--Length of time necessary for loggerhead turtles to locate and strike untreated squid,
chemically-modified squid, and control bait in the 2-phenylethanol (2-PEA) and tiger shark
extract (TIGER) treatment groups.

TREATMENT Time to locate bait

& trial type (min)* Number of turtles that located bait
2-PEA

squid 257 £0.94 2

2-PEA 7.48 +0.02 2

control n/a 0

TIGER

squid 4.71+1.00 3

tiger 9.83 1

control 5.80 £ 1.27 5

*Results presented as arithmetic mean + standard error of the mean (S.E.M).
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Figure 1.--Diagram of tank used in experiments to assess chemical tracking abilities and
behavior of 2-year-old loggerhead turtles at the NOAA Fisheries Sea Turtle
Facility in Galveston, Texas.
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Figure 2.--Number of 2-year-old loggerhead turtles that successfully located bait during
untreated squid, chemically modified squid, and control trials for the (A) 2-PEA
and (B) TIGER treatment groups. White bars represent the total number of
turtles used in trials (N). Black bars represent the number of those
turtles that found bait.
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Figure 3.--Frequency with which backup behavior was exhibited by loggerhead turtles
presented with untreated squid, chemically modified squid, and control bait
for the (A) 2-PEA (N = 8) and (B) TIGER (N = 9) treatment groups. Turtles
in the TIGER treatment group displayed backup behavior significantly more
often during untreated squid and chemically modified squid trails compared
with control trials (X* = 12.514, df = 2, P < 0.001).
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Figure 4.--Amount of time turtles spent in the main chamber of the experiment tank,
where the chemical plume originated, during untreated squid, chemically modified
squid and control trials for (A) 2-PEA (N = 8) and (B) TIGER (N = 9) treatment
groups. In both treatment groups, there was no significant difference in time spent
in the main chamber between the three trial types.
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